Data for the viscosity and thermal conductivity of gaseous and liquid argon have been evaluated and represented by empirical functions. Tables for the viscosity from 86 to 500 K for pressures to 400 MPa, and for the thermal conductivity from 90 to 500 K for pressures to 200 MPa are presented. For the viscosity, uncertainties of 2% or better for pressures below 100 MPa, and 3% for higher pressures are assigned. For the thermal conductivity the uncertainties are 4% for temperatures below 150 K and 3% or better for temperatures above. The enhancement in the conductivity close to the critical point has been accounted for. The status of the argon transport data and the philosophy of fitting them are reviewed.
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Introduction
We present a recorrelation of the viscosity (1] ) and thermal conductivity (.-1) coefficients of argon. Recent advances in experimentation, with substantial progress in automation and data reduction techniques, are a motivation for a reassessment of transport data. In the 1974 correlation reported in this Journal,l for example, we pointed out that the status of thermal conductivity data was poor but that a new technique-the transient hot wire-had been introduced and showed promise. The transient hot wire method is now standard 2 ,3 and a relatively new technique for viscosity-the vibrating wire 4 ,5 -has attracted attention and could well become one of the most convenient methods to measure that coefficient.
A strong justification for an up-to-date evaluation of argon comes from theory-from computer simulation, to be precise. The technique of molecular dynamics, which has long been an essential adjunct to the study of fluids in equilibrium, can now be used to simulate the behavior of a liquid under shear or in the presence of a temperature gradient and can lead to theoretical estimates of the viscosity and thermal conductivity, respectively. Details are given in Refs. 96-8. The most extem:ive computer results simulate argon. Although reworking the properties of argon goes against· today's trend to emphasize the properties of more complex fluids, the computer simulations reveal that nonequilibrium behavior of even a fluid of spherical particles is far from simple. Such a fluid can display many ofthe non-Newtonian characteristics usually associated only with fluids of complex structure. 6 Other reasons which make a recorrelation of argon desirable include: (a) a modification of the equation.of state used in Ref. I; (b) the recent publication of a reliable systematic approach to calculate the behavior of the thermal conductivity and the viscosity in the critical region; and (c) publication of consistent dilute gas coefficients.
This work will show that a really satisfactory correla- Stewart, Jacobsen, and Becker ll ; (3) the fits are constrained to the dilute gas values of Kestin et al. 12; . ( 4) thermal conductivity data close to the critical point are not correlated; rather they are calculated according to the procedure of Sengers, Basu, and Levelt Sengers13; (5) the anomaly in the viscosity will be discussed but the effects will not include it in the correlation: the anomaly is only seen very close to the critical point and the uncertainty in the viscosity data overrides the effect; (6) we will attempt a global correlation-Le., a correlation over a wide range of temperature and density-realizing that some sets of data may not be fitted to within their assigned accuracy. The necessity to include inferior data at the extremes of the experimental range may well cause small systematic deviations elsewhere.
Data

Sources
The literature was searched for experimental argon transport data reported between January 1973and December 1982, excluding those publications that give only data on the dilute gas. temperature is limited to m~ar 300 K. Reference 25 extends the temperature to 429 K from that procedure, however.
The data considered here are, therefore, Refs. 14-25 and the data selected previously, 1 namely Refs. 26-31 for the viscosity and Refs. 32-34 for the conductivity.
Data Evaluation
As in all our transport correlation papers, the data are evaluated in four stages. The first stage involves routine manipulation of the data.
We need an equation of state because the data are assessed and correlated in terms of the variable temperature (T) and density (p), but they are most often presented in terms of temperature and pressure (p) . Accordingly, the experimental data were reformated as a function of T and p using the Benedict-Webb-Rubin (BWR) equation of Ref. 11, reproduced in the Appendix. If appropriate, we then compared the estimated densities for a given data set with those reported by the authors. This step led us to reject the high-density, low-temperature 223 K isotherm of Ref. 1:5, since density deviations of 10% or greater were noted. (We are not necessarily claiming that our densities are correct, rather that the 223 K data are inconsistent with the BWR equation.)
The next step was to construct excess function tables and curves. The excess transport property /lx ', where X=7] or A, is defined as tu'(p,T) = X (p,T) -xo(T), where Xo (T) is the dilute gas value. This function is used because it is close to being independent of the temperature and one can use plots of Ax' versus p to check on the internal consistency of a given data set and to judge how a given set· compares with those from other sources. Actually, our experience with many fluids is that there is a small but definite temperature dependence with (al:::.1/'laT)p negative and (al:::.A. 'laT)
We calculated dilute gas values in the range 50 < T K<3273 from the formulas in Appendix C of Ref. 12 and then fitted them to the function forms used in Ref. 1 and our other work:
The coefficients for Eqs.
(1) and (2), GV(i) and GT(i), are
given in Table I 
GT ( l8 ,19 give weight to the result that the dilute gas Eucken factor (--'T)o/A o ) is within 0.2% of unity-the kinetic theory value-which tends to support the fact that the thermal conductivity data are accurate to that figure. But, as noted by Nieto de Castro and Roder, 17 this assessment is not necessarily upheld for all densities. ] The final step is sUbjective. Our assessment of the data is based on our experience working with transport data of the various authors, for argon and for other fluids; our knowledge of the apparatuses involved; and especially, the opinions of the experimentalists. Also the need for the correlation is an important factor in data selection. Since we have already published Ref. 1 in 1974, we consider a prime purpose of this work is to extend the range covered there. For this reason we will include the results of Amirkhanov et al. 35 
Correlation
We write:
(4) where !l.17 and !l.A are terms that account principally for the density dependence of the coefficients, and !l.A c (p,T) is the term for the thermal conductivity critical enhancement.
[Equations (3) and (4) differ from those used in our earlier work in that we do not separate directly the contributions of the first density correction. ]
The objective is to fit ~17 and tv1.. for thc data scts of Table 2 (with data around the critical region excluded) to within the estimated accuracy of the data sets. We first tried the exponential functions used in Ref. 1 and in all our work published in this Journal. The functions gave quite satisfactory fits overall, but we were unable to eliminate some systematic error patterns at high densities. Extensions of the functions led to only modest improvements. We therefore decided to consider alternatives, and eventually selected the following:
where 11 = XV(1) + XV(2)IT, 12 = XV(3) + XV(4)IT+ XV(5)IT 2 , h = XV(6) + XV(7)IT + XV(8)IT 2 , It = XV(9) + XV( 10)IT + XV( 11 )IT 2 , Is = XV(12) + XV(13)1T. Similarly, for tj:
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The data were weighted following the standard expression, i.e., the weight of the jth point Wj is II a j • The mean · square deviation a j is n (a y )2 2
Here, y is '" or IL and uy is the accuracy given in Table 2 . We considered the errors a x to be caused only by errors in density and temperature and experience has shown that the latter can be neglected: up can be set as 1 part in 2000. The derivatives (a", lap) T and (aIL lap h are more difficult to assess but increase very strongly with density. It must be understood, however, that we have to use empirical expressions for ", (p,T) given in Table 3 .
The Critical Point
All our previous correlations in this Journal· have discussed the estimation of the term aIl c (p, T) of Eq. (4). There is no need to repeat those remarks here. As noted in the Introduction, we follow exactly the procedure outlined by Sengers, Basu, and Levelt Sengers in Table IX of Ref. 13 . Define:
x~=p(:t~;),
x aT*/I~*II/P,
where the subscript c denotes the critical value and f3 and Xo are coefficients. Then, Eq. (4.2) of Ref. 13 becomes for argon,
where Eo is a length parameter and kB is Boltzmann's con- 
where D, E, r, and ~ are coefficients. We defer to Refs. 13 and 36 for discussions on these critical point equations'. The parameters required are given in Table 4 . Figure 1 shows the effect at three temperatures. The anomalous behavior of the viscosity around the critical point will not be included in this correlation: the enhancement is negligible unless one is within --0.02 % of the critical temperature. As a matter of interest, however, some calculations are reported. Basu and Sengers u,n propose a simple equation
where 17 is the viscosity at the temperature and density of interest without the enhancement, 5 is a correlation lengthwhich equals (X~ )°. 532 6.08 X 10-10 m for argon-which is a measure of the range of density fluctuations in the fluid, qo is an adjustable fluid dependent constant, and ¢ is, in principle, a fluid independent exponent. Given the appropriate viscosity data, a plot of In ",117 versus 5 will yield qo and ¢ (if ¢ is also to be treated as adjustable). Suitable data are unavailable for argon, so we cannot evaluate qo and ¢ directly but Basu and Sengers estimate qo = 0.032 X 10-10 m -1 with ¢ = 0.065 for nitrogen from nitrogen data. Argon values can be approximated by scaling qo via the ratios of the critical densities to give ", = 1][0.02(10-1°) 5 ]0.065. 
Deviation Curves
Deviation cnrves for the viscosity and thermal conductivity are presented in Figs. 3-10 and 11-16, respectively. Percent deviation is defined as (expt -calc) l00/expt, where the calculated values are from Eqs. (1), (5), and (7) for the viscosity and Eqs. (2), (6), (8), and (l 0) for the conductivity. The average absolute deviations of the fits were 0.99% for 506 points, and 1.84% for 884 points, respectively. We have been successful in fitting the majority of the data to within their estimated accuracy and this is a satisfactory result considering the range in temperature and density covered. Isotherms have been grouped to observe better possible systematic deviations with temperature and density. The curves are fairly self-explanatory, but we have the following comments.
( 1) Comparisons between the viscosity and thermal conductivity data sets emphasize that the latter is the less complete. Thermal conductivity isotherms at low temperatures are missing, as are data for the thermal conductivity saturated liquid boundary, although Ref. 34 reports data that are close. It would also be more desirable not to have sole author coverage at the limits of the temperature range for both coefficients; e.g., the viscosity results for T < 173 K are from Ref. 16 and the thermal conductivity for high temperatures are from Ref. 33.
(2) There is a systematic pattern in the viscosity deviation curves at densities greater than about 25 mollL. It is not clear why this is so. The several empirical functions we have tried cannot smooth it out and fit satisfactorily data for the lower densities. We should point out that data for fluids other than argon from the torsionally oscillating crystal at low temperatures and high densities show the behavior represented by Fig. 3 , so systematic experimental error may contribute. Constraining the viscosity fit to the dilute gas values of Ref. 12 will introduce a small systematic error but not enough to account for the patterns. planation is that our functional forms do not have the correct temperature dependence. We have verified that the derivative (all.1]lan p is negative but that may simply be a necessary condition. Nevertheless, we do not feel the accuracy in the data justify using a more complex function.
( 3 ) The conductivity deviation patterns are not entirely satisfactory since the data of Refs. 17-19 and 25 are known to be precise and accurate: there is a small but definite systematic deviation· between experiment and the correlation. We can speculate as to why. As for the viscosity, the global correlating function may not be good enough, in fact, it would be surprising if it were. The deviation may be caused in part by the influence of data representing other regions of the p-T phase diagram. These data are less accurate than that of Refs. 17-19 and 25 but we have argued that they have to be considered. Constraining the fit to the dilute gas values of Ref. 12 will cause some systematic error. There is also the possible influence of the critical point anomaly to consider. Roder contends that this influence extends to about twice the critical temperature for oxygen,10 methane,38 and ethane 39 and Nieto de Castro and Roder argue that it influences the interpretation of argon data at 300 K. If the argument is correct, our functional form would not be complete and would underestimate the conductivity by approximately 1 % 
Tables of Values
Having the correlating equations, the viscosity coefficients of argon have been calculated from 86 to 500 K, for pressures to 400 MPa. The thermal conductivity coefficients have been calculated from 90 to 500 K, for pressures to 200 MPa. The results are presented as Tables 5 and 6. For convenience, saturation values are given separately in Table 7 . We ensured that an entry in the tables would not represent an extrapolation much beyond the range of the experimental data. An upper limit of 35.2 mol/L was selected. Above 200 K, this limit was lowered to 30.0 mol/L for the viscosity and 20.8 mol/L for the thermal conductivity. Note the pressure range reported for the conductivity is less than that for the viscosity.
We are confident that we have not introduced any significant systematic error by l-epresentillg tht: data with the chosen correlating functions. An accuracy assessment of the tabular values can therefore be based on the accuracy of the input data. Table 6 . and <Ip-Pcl)/pc SO.3,  the estimate on the thermal conductivity should be increased to ± 15 % . We have also not accounted for the enhancement in the viscosity at the critical point, but one would have to be within (I T -Tc I>/Tc of 10-3 for this effect to be significant.
Conclusion
We have recorrelated the viscosity and thermal conductivity coefficients of argon following the philosophY and guidelines of our previous 1974 work reported as Ref. 1. The justification is primarily that new data are available. On the other hand, this work has revealed how difficult it is to fit accurate transport data and get a satisfactory density and temperature dependence. It is almost as if one has pushed a purely empirical fit to its limits: we need more input from theory, especially on the behavior of the fluid at high densities.
The correlation has revealed that the status of the transport properties of.even the simplest fluid, argon, is not entirely satisfactory. Gaps in data coverage exist, particularly for the thermal conductivity below room temperature. It would also seem advantageous to extend the range of the conductivity data reported by the transient hot wire method.
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